Abstract-Baseband Digital Predistortion based on the LUT is a popular method to improve the performance of high power amplifiers. The feedback loop is the key unit to obtain the sample signals based on which the model of the PA is built. The imperfectness of the modulator and demodulator will limit the improvement of the predistortion. In this paper, error items of the demodulator in the feedback path are analyzed and the compensating algorithm is derived.
Advanced mobile communications require high data rates to achieve high-speed applications. Meanwhile, to enhance the spectrum efficiency, complicated digital modulation techniques such as 16QAM, 64QAM are adopted in the design of the modern mobile communications. Thus, power amplifiers built in basestations of those systems are required to have high linearity and efficiency in order to suit the large peak-to-average ratio character of the high order digital modulated signals. In the last decade, baseband predistortion techniques based on the LUT (Look Up Table) are developed to solve these problems.
A simplified block diagram of a typical digital pre-distortion system is shown in Fig. 1 . Digital I and Q data of training signals are converted to the analog I and Q signals by the DACs. After that I and Q signals are modulated to the RF band by a quadrature direct modulator. The modulated signal is sent to the driver amplifier and the power amplifier under the test. The amplified and distorted signal is coupled into the downconverter and then is demodulated to base band I' and Q' signals. ADCs are used to digitalize the I' and Q' signals. By comparing the original I and Q data and the digitalized I' and Q' data, the nonlinearity of the power amplifier can be estimated, based on which the digital pre-distortion can be realized. The purpose of the pre-distortion is to change the characteristics of the baseband signals to compensate the distortion caused by the power amplifier in advance. It's obvious that the modulator and the demodulator are very important devices in the pre-distortion loop. Imperfect modulators and demodulators will cause some additional distortions to such system. Some of those distortions aroused in the feedback route should not be regarded as the congenital characteristics of the power amplifier.
In this paper, the effect of the modulation and demodulation errors on the modeling of the power amplifiers is analyzed. To overcome the effect of those errors, an algorithm is derived for ideal demodulation. 
ANALYSIS AND DERIVATION
The quadrature modulation and demodulation process in the Fig. 1 . can be simplified as Fig. 2 . Here, Ψ stands for the signal phase shift on the RF channel.
The modulated signal from the ideal modulator can be expressed as
Here A 1 is the amplitude gain of the quadrature modulator and ϕ 1 is the phase shift caused by the modulator. After the radio frequency channel, the modulated signal changes to
The output of the ideal demodulator is
Here A 2 is the amplitude gain of the quadrature demodulator and ϕ 2 is the phase shift caused by the demodulator. However, normal quadrature modulators and demodulators are not ideal devices. Amplitude errors and phase errors of modulators and demodulators will cause the distortion of the modulated and demodulated signals. Assume that the amplitude difference between the in-phase and quadrature paths of the modulator is ∆A 1 and the amplitude difference between the in-phase and quadrature paths of the demodulator is ∆A 2 . The phase difference between the in-phase and quadrature local oscillators of the modulator is ∆ϕ 1 and the phase difference between the in-phase and quadrature local oscillators of the demodulator is ∆ϕ 2 .
Therefore, (2), (3) and (4) can be rewritten as (5), (6) and (7)
Error items ε I and ε Q in (8) and (9) include the nonideal characters of the modulator and demodulator, which will cause the unbalance of the received I B (t) and Q B (t). Since building the PA model is essentially based on the feedback loop of the system, the ε I and ε Q will affect the accuracy of the model in some degree and will eventually limit the improvement of the linearity of the PA. The normal signal path includes the modulator, driver and PA while the path of training series includes the modulator, driver, PA, demodulator and the low-band pass filters. The imperfectness of the demodulator in the ε I and ε Q is the certain error to be eliminated when building the PA model.
To eliminate the nonideal characters of the demodulator, a test signal should be input to the feedback path to calculate the ∆A 2 and ∆ϕ 2 . Assume a RF continuous wave signal S test (t) = cos (ω c t − ω s t) is fed to the feedback path at test point indicated in Fig. 2 . Equations (5), (6) and (7) will be changed to
The value arrays of I Btest (t) and Q Btest (t) can be obtained from AD converters in the feedback path, from which A IBtest (t), A QBtest (t), α IBtest , α QBtest can be regarded as knowns. Therefore, ∆A 2 and ∆ϕ 2 can be calculated as
(13) Knowing the ∆A 2 and ∆ϕ 2 , a compensating unit can be added in the feedback path after the AD converters as shown in Fig. 3 . Here, I Btest (t) and Q Btest (t) are compensated signals.
According to (6) and (7), the relations among I B (t), Q B (t), I B (t) and Q B (t) are expressed in
Therefore, compensated signals I B (t) and Q B (t) can be obtained from I B (t) and Q B (t).
Here, ∆A 2 and ∆ϕ 2 are knowns. It is obvious that after the compensation, the imperfectness of the demodulator has been eliminated. A more accurate model of PA can be built based on the corrected data. 
CONCLUSIONS
In this paper, modulated and demodulated signal components are analyzed. It is indicated that the performance of the modulator and demodulator will affect the effect of the baseband digital predistortion. Unbalanced items in amplitude and phase of the demodulator ∆A 2 and ∆ϕ 2 are calculated and relations among I B (t), Q B (t) and I B (t), Q B (t) are derived. According to the analysis and derivation above in the paper, error items caused by the imperfect demodulator in the feedback path can be eliminated and the corrected demodulated data can be obtained. Based on the algorithm, the experiment can be completed on practical platforms.
